It is obvious that the subject is one of wide interest and importance, for if active immunization can be secured with filtrable viruses, altered by this simple chemical means so that they are incapable of inducing specific lesions, a great step forward will have been taken. Up to the present, active immunity has been secured only by the use of attenuated or modified, but still living viruses, capable of producing some, although at times very slight, specific changes in the tissues.
Our study was made with a strain of the virus of vesicular stomatiffs of horses, already described,~. ~ which has been shown to be closely related to the virus of foot-and-mouth disease. It was designed to determine (a) whether protection could be obtained with formalinized virus, and (b) whether the protection could be construed as arising from the effects of a killed antigen.
Before proceeding with the description of experiments, we wish to recall some earlier conclusions derived from tests with antiseptics on the virus of foot-and-mouth disease, s The remarkable resistance of the latter virus to certain chemicals was found to be due to the fact that the reagents coagulate the proteins of the medium in which the virus is ordinarily distributed. As a result of this coagulation, the positive charge of the virus, and its minute size, the active material is held within large coagula and prevented from coming into immediate contact with the chemicals. Similar conditions have been found to occur in the instance of the virus of vesicular stomatitis, ~ in which the virus proved, resistant to many chemicals which coagulate proteins. Furthermore, one of us (Long) has found that still another chemical, namely, neutral acriflavine in 1 per cent solution, acts as a coagulant so that the virus proves resistant when submitted to it for at least 24 hours. Since formalin is a substance which coagulates proteins, we studied the virucidal action by means of a series of controls, as shown in the following tests.
Viability of Formalinlzed Virus.
In the preparation of formalinized virus of vesicular stomatitis, we followed mainly the methods employed by the British Foot-andMouth Disease Research Committee.* The Committee have studied the problem in connection with the virus of foot-and-mouth disease more extensively than any other recent workers.
e Olitsky, P. K., Traum, J., and Schoening, H. W., J. Am. Vet. Med. Assn., 1926 , lxx, 147. Olitsky, P. K., J. Exp. Med., 1927 , xlv, 969. 80litsky, P. K., and Bo~z, L., J. Exp. Med., 1927 ; and the Report of the American Commission to Study Foot-and-Mouth Disease, to be published by the U. S. Bureau of Animal Industry.
Preparation.--The virus consisted of the clear fluid derived from vesicles in the pads of from three to over ten guinea pigs injected 24 hours previously, as a rule, with guinea pig passage virus of vesicular stomatitis. The fluid was aspirated into a syringe and diluted 1 in 50 with phosphate buffer solution at a pH of 7.5 or 7.6. The diluted material was filtered through a Berkefeld V candle and the major portion of the filtrate was used for formalinizafion and the remainder for control tests of pathogenicity in guinea pigs. Six lots of filtered virus were prepared at different times. To four, 0.1 per cent neutral formalin was added, to one, 0.5 per cent, and to the sixth, 10 per cent. The formalinized virus was kept in an incubator at 26°C. for 48 hours or longer, and then tested by injection into the pads of guinea pigs.
The 0.5 and 10 per cent formalinized material proved too injurious for use: extensive necrosis (or "wet ~' gangrene) of the pad followed the use of the 10 per cent mixture, and a somewhat less degree of destruction, the 0.5 per cent mixture. Although the virus was killed in both instances after 2 days at 26°C., the factors of injury, confusion of specific and non-specific effects, and mortality led us to abandon the higher concentrations of formalin in favor of 0.1 per cent of this chemical, which is the concentration generally employed in preparing the so called "vaccines" of filtrable viruses. As will be shown later, even 0.1 per cent formalin is not wholly free from injurious effects--a mild edema being sometimes induced in guinea pigs. Similar effects in rabbits were observed by Hunt and Falk. * Titration of Filtered Virus.--In order to determine the activity of the original filtered virus before utilizing mixtures of it with formalin for immunization tests, it was essential to show that the specimens of virus employed produced the characteristic lesion in guinea pig pads. Of three samples accurately titrated, one induced experimental vesicular stomatitis in a 1:1,000,000 dilution, another in 1:500,0.00, and a third in 1:100,000 dilution. The remaining samples were injected, as a routine procedure, in dilutions of 1 : 100 or 1 : 1,000, all being capable at these dilutions of producing typical lesions.
From now on we shall designate as "vaccine" the 0.1 per cent formalinized virus. We wish again to emphasize the fact already mentioned that ~ this strength of formalin has in some animals an injurious action on the pad tissues, as shown by edema following injection. This injurious action is uninfluenced by either strong or weak virus; hence it must be ascribed to the chemical alone.
Living Virus in the Vaccine.
Tests were first made for evidence of living virus in the mixtures with formalin. After the freshly made mixtures had stood 48 hours at 26°C., 0.5 cc. was injected into each posterior pad of at least two guinea pigs. The results were as follows: tion on the 3rd day. Guinea Pig B was etherized, the affected pad removed and ground in buffer solution with sterile sand. The pad emulsion was injected into the pads of two normal animals. Both developed typical vesicular lesions on the following day.
Vaccine 5.--Two guinea pigs, A and B, injected. On the next day, A showed a single vesicle on the right pad, while B was unaffected. 14 days after the original inoculation, B was injected in both pads with active virus. The following day, typical vesicles had appeared on both pads.
Vaccine 6.--Four guinea pigs, A, B, C, and D, injected. 24 to 48 hours later, all showed either single vesicles or no visible lesions; yet on pricking the pad with a needle, clear, serous fluid exuded. This clear fluid from Guinea Pig D was inoculated into the pads of Guinea Pig E, in which typical vesicles arose within 24 hours. Guinea 1Digs A, B, and C were reinjected with active virus after 14 days, and as none responded they can be regarded as immune, a finding which confirmed our opinion that the initial lesions following the injection of vaccine were those of vesicular stomatitis.
Vaccine 7.--Three guinea pigs, A, B, and C, injected. After 24 to 48 hours, no visible lesions appeared, except edema. On pricking the pads with a needle, a clear, serous fluid exuded. Guinea Pig A was etherized, the pads removed, ground in buffer solution with sand, and the emulsion inoculated into the pads of a normal animal. The latter developed typical vesicles by the next day.
From the above four tests, it may be concluded that the so called vaccines as prepared with 0.1 per cent formalin contain living virus. In contrast, we wish to record that guinea pigs in which pad inoculation was made with 0.5 per cent and 10 per cent formalinized virus developed severe necrotic lesions, from the fluid contents of which the virus of vesicular stomatitis could not be recovered. One may infer that the virus is killed by these concentrations.
The experiments described indicate that the usual concentration of formalin (0.1 per cent) employed for the production of so called vaccines of filtrable viruses does not kill the virus of vesicular stomatitis after a contact of at least 2 days at 26°C. The fact should, however, be noted that the lesions induced by the treated virus are generally slight, and that they may be confused with edema resulting from the action of the formalin alone. Simple inspection of the inoculated site is not sufficient to determine whether the effect is wholly chemical or due in part to living virus. In order to determine this, one should prick the superficial skin with hypodermic needles so as to cause any existing fluid to exude, which fluid, or that obtained from the emulsi-fled pad, should be reinoculated into normal animals and the effects observed. Finally, recovered guinea pigs should be subjected to a later injection of active virus to determine if immunity exists/and any pads showing suspicious lesions should be examined histologically for the presence of characteristic pathological changes and of the inclusion bodies which we have already describedY Such has been our own routine procedure.
Since, as the tests described above show, 0.1 per cent formalin fails to kill the vesicular stomatitis virus after 48 hours contact, we next studied the point at which the infectiousness of the so called vaccine ceased.
Vaccine 7 (0. I Per Cent Formalin.)--Three guinea pigs injected with this vaccine
kept for 48 hours at 26°C. after its preparation, were found to harbor the virus, a fact demonstrated by the preceding protocol. Two of three animals which received the same material after it had stood for 72 hours at 26°C. also gave evidence of containing living virus, after transferring the ground pads of the two animals to normal guinea pigs, which, in turn, developed characteristic vesicles. Six guinea pigs injected with the preparation after it had stood for 96 and 120 hours at 26°C. exhibited no effects which could be attributed to living virus. These unaffected animals were reinoculated in the pads about 10 days later with active, undiluted virus. All responded promptly with characteristic vesicles.
It is plain that Vaccine 7 contained living virus for 72 hours but not for 96 hours. The fact should be noted, in addition, that a single injection into the pads of formalinized virus, unless living virus is present in it, fails to immunize the animals.
Effect of Repeated Injections of Killed Formalinized Virus.
In view of the fact that previous workers have reported the production of active immunity by means of repeated injections of formalinized vaccines in which they supposed the virus to have been killed, we studied the effect of repeated inoculations with some of our formalin-9 It has already been established 6,r that in experimental vesicular stomatitis, the induction of vesicles, no matter how small or few in number, is followed by a solid resistance to undiluted active virus. The same conditions prevail in experimental foot-and-mouth disease of the guinea pig (Olitsky, P. K., Schoening, H. W., and Traum, J., North American Vet., 1927, viii, 42) . i 00litsky, P. K., and Long, P. H., Proc. Soc. Exp. Biol. and Med., 1928, xxv, 287. ized virus. But, as the following protocol shows, we were unable to detect any immunity in animals "vaccinated" with dead virus.
Two vaccines were selected, Nos. 2 and 3, made with 0.1 per cent formalin, which had been shown to contain living virus after 48 hours at 26°C., and which had been kept thereafter in the cold (5°C.). After 34 and 39 days respectively at this temperature, the vaccines were injected into the pads of guinea pigs. No effects of living virus could be detected by the methods already described. None of the six animals of this series proved resistant to a later injection of active virus.
The same preparations were tested again after they had been kept at 5°C. for a longer period (70 days in the case of Vaccine 2 and 75 days n in that of No. 3). Twelve guinea pigs were given a series of seven injections with one or the other vaccine, six receiving 0.5 cc. intramuscularly and six others 1 cc. intradermally and subcutaneously, that is, 0.5 cc. in each of the posterior pads. The first six injections were given at 3 day intervals, and the seventh 4 days after the sixth. 3 days after the injections had been completed, the ten surviving animals were inoculated into the pads with virus of known activity. All responded within 24 hours with characteristic vesicles.
In the following experiment it will be shown that it is possible to induce resistance to active, undiluted virus by a single intramuscular or intracutaneous injection of living, untreated virus, although under these conditions no demonstrable lesions occur.
Fluid from vesicles 24 hours old of guinea pigs inoculated with passage virus, whether diluted 1:10 or undiluted, induced no demonstrable lesions when injected intracutaneously into the shaved skin of the abdomen, or intramuscularly into the' thigh. In four of the seven animals thus treated, the pads were scratched, though not inoculated, at the time of the virus injection. These pads developed no lesions. TM All the guinea pigs resisted pad injection of undiluted, active virus from 10 to 23 days later.
The virus of vesicular stomatitis, therefore, appears to behave as do some other filtrable viruses, that is, immunity can be induced only when living virus is employed.
11 The experimenters of the British Committee state that the activity of their killed foot-and-mouth disease vaccines persists in the cold for at least 197days, and that protection is first noted 48 hours after injection.
12 Absence of localization in the injured pad may be ascribed in these instances to the fact that the strain of virus which we used had lost its original feeble power to induce secondary lesions. The failure of the vesicular stomatitis virus to induce demonstrable lesions after intramuscular or intracutaneous injection was first noted in cattle, s S~ARY AND CONCLUSIONS.
The virus of vesicular stomatitis is not readily killed by formalin. This chemical is one of a group which coagulates the proteins of the medium in which the virus is usually contained. It has already been found ~ that other reagents of the protein-coagulating group are not actively virucidal, and the effect of formalin in this instance is therefore characteristic of the group.
The so called formalinized vaccines which give rise to immunity can be shown to have done so because of the presence of living virus. A single injection of such so called "vaccine," or of other material containing living virus, is capable of inducing immunity in guinea pigs. No protection, however, follows a single injection of dead virus. Furthermore, repeated inoculations of virus killed by formalin likewise fail to induce resistance against subsequent injections of the living virus.
It is concluded, with respect to the virus of vesicular stomatitis, that the use of formalin has failed to solve the problem of active immunizatioh with dead virus.
